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凝胶层析、 DEAE Sepharose FF 离子柱层析以及 Superdex S75 凝胶层析，获得
比活力为 1783.6 U/mg 的电泳单一纯 β-葡萄糖苷酶(β-1,4-glucosidase，简称 BG)
制剂。SDS-PAGE 和 MALDITOF 测定酶分子的分子量为 75.0 kD，采用
Sephadex-G100 凝胶过滤柱层析法测定酶表观分子量为 75.0 kDa，说明该酶为单
亚基，毛细管电泳检测表明酶的 pI 值为 5.39，PAS 染色结果显示该酶无糖基化
修饰。酶在 pH 3.0-9.0 之间和温度低于 60 ℃下稳定，60 ℃下酶活性中心解离常
数 pKe 为 4.30。酶水解 pNPG 的最适条件为 60℃，pH 5.0。酶水解活化能为 142.2 





几种葡萄糖同分异构体和衍生物对 BG 的抑制作用，发现对 BG 的抑制程度大小
为 D-葡萄糖>L-葡萄糖>D-甘露糖>D-半乳糖>D-氨基葡萄糖，N-乙酰-D-葡萄糖和
D-果糖对 BG 酶活无明显影响。D-葡萄糖和甘露糖对 BG 的 IC50 为 0.87 和 50.0 
mmol/L，对 BG 均为可逆竞争性抑制，其抑制常数分别为 0.56 mmol/L 和 31.2 
mmol/L。建立葡萄糖对 BG 的抑制动力学模型，测得葡萄糖对 BG 的正向微观抑
制常数和反向微观抑制常数分别为 4.88x10-4 mmol-1·L·s-1 和 2.7x10-4 s-1。 
在糖化共发酵体系中，葡萄糖被发酵后形成乙醇，但缺氧下容易形成乳酸。
为此，本文探讨发酵产物乙醇和乳酸对酶活力的影响，发现发酵产物乳酸和乙醇
对 BG 都表现为非竞争性抑制作用，两者的 IC50 分别为 19.8%和 1.53%。乙醇对
酶表现为低浓度激活高浓度抑制，乙醇浓度增加会引起酶最适反应温度减小，而
不影响酶的最适反应 pH，内源荧光发射图谱表明乙醇对 BG 蛋白微环境有一定
的微扰作用。乳酸对 BG 酶活表现为可逆竞争性抑制，抑制常数为 149 mmol/L，
































通过比对设计引物后 PCR 扩增出东方肉座两个 β-葡萄糖苷酶基因 bgl1 和
bgl2 全长基因和 cDNA 序列，分别负责编码胞外 β-葡萄糖苷酶和胞内 β-葡萄糖
苷酶。负责编码胞外酶的 bg1l 基因有 2 个内含子，编码 744 个氨基酸。荧光定
量 PCR 研究表明无碳源培养下 bgl1，bgl2 和 cbh 三个基因的表达水平很低或几
乎不表达；葡萄糖和纤维二糖抑制 bgl2 和 cbh 表达，对 bgl1 表达无影响；淀粉
可抑制 bgl1 表达，但对 bgl1 和 cbh 表达无影响；纯木薯纤维素和微晶纤维素可
显著诱导 bgl1，bgl2 和 cbh 表达，前者对 bgl1 和 cbh 基因的诱导作用比后者更
加强烈。 
















A β-1, 4-glucosidase (BG) was purified from fermentation liquor of Hypocrea 
orientalis by following procedures: (NH4)2SO4 precipitation, gel filtration on 
Sephacryl S-100, DEAE chromatography and Superdex S75 filtration. By the 
methods of SDS-PAGE，MALDITOF and gel size exclusion, the molecular weight of 
BG was determined to be a 75.0 kD monomer. The pI value was determined to be 
4.68 by capillary isoelectric focusing. The pKe value of the ionization of the enzyme 
active site was determined to be 4.30 at 60 ℃. Enzymatic properties showed that the 
optimum pH and temperature of BG for the hydrolysis of pNPG was at pH 5.0 and  
60 ℃ , respectively, the enzyme was stable at pH 4.0~9.0 and below 65 ℃ . 
Enzymatic kinetics indicated that Michaelis-Menten constant (Km) of the hydrolysis 
for pNPG by BG was 0.28 mmol/L (pH 5.0, 60 ℃). Chemical modification showed 
that the enzyme was inactivated by carbidiimide (EDC), N-Bromosuccinimide (NBS), 
bromoacetic acid (BrAc) and acetic anhydride (ACAH), which means the carboxyl 
group, indolyl group, imidazolyl group and ε-amino group were essential for the 
activity of BG. 
Monosaccharides including D-glucose, L-glucose, D-mannose, D-galactose and 
D-aminoglucose showed various inhibitory effects on BG, D-acetyl-glucose and 
D-fructose have no effect on BG activity. The results presented that glucose mannose 
could inhibit BG reversibly and competitively. Inhibitory kinetics of D-glucose on BG 
and the microscopic inhibition constants were measured using Tsou’s method. The 
forward rate constants (k+0) and reverse rate constants (k-0) were determined to be 
4.88x10-4 (mmol/L•s)-1, and 2.7x10-4 s-1, respectively.  
Fermentation products ethanol and latic acid showed inhibition effects on BG. 
Increase of the concentration of alcohol lead the optimum temperature for BG activity 
to decrease and when reaction temperature was low, BG in the solution that contained 
small amount of alcohol (<16%) showed higher activity than that in alcohol-free 
solution. Comparison with the results from fluorescence emission spectroscopy 
revealed that ethanol lead to conformational changes of BG. The inhibition kinetics 
model of BG by latic acid was built and the constants of inhibition were determined. 
Compare the changes of enzyme activity and conformation after thermal 
inactivation, the results revealed loss of enzyme activity is significantly faster than its 















inactivation rate constant (k+0) is significantly greater than that of enzyme substrate 
complex (k’+0), indicating the combination of substrate to enzyme has certain 
protective effect against thermal inactivation of enzyme. Determination of the 
apparent deactivation rate and intrinsic fluorescence emission spectrum in the 
presence of glucose is performed, the results showed that glucose as the substrate can 
be protective for enzyme active center as well as to make the protein conformation 
more stable at high temperature. 
Inactivation dynamic model BG in the guanidine hydrochloride solution is 
established. The results show that the substrate of the existence of enzyme has certain 
protective effect. Determination Fluorescence emission spectrum at different 
concentration of guanidine shows fluorescence emission peak by the 334 nm red shift 
gradually to 334 nm, due to conformation changes of the enzyme.Comparison of changes 
of enzyme activity and conformational shows that enzyme inactivation in guanidine 
solution is prior to unfolding process, indicating that enzyme activity center is in the 
denaturant sensitive area. 
The first cellulase gene bgl1 and bgl2 were cloned from H. orientalis EU7-22 
according to the homogeneity of β-glucosidase genes in NCBI database. The gene, 
bgl1 and bgl2, coded the extracellular and intracellular β-glucosidase, respectively. 
The bgl1 contained 2 introns and 3 open reading frames encoded 744 amino acids. 
The Real-Time PCR assay showed that the bgl1, bgl2 and cbh genes could not express 
efficiently without any carbon inducer. Pure cassava cellulose can induce much more 
bgl1 and cbh expression than microcrystalline cellulose. Glucose could inhibit bgl2 
and cbh expression except bgl1. Starch showed inhibition the expression of bgl2 but 
not of bgl1 and cbh. Cellobiose could inhibit the three genes expression. 
 

























































Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
